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A PLAN FOR STUDY OF FLOOD HYDROLOGY OF 

FOOTHILL STREAMS IN COLORADO

By Jerald F. McCain and John L. Ebling

ABSTRACT

A comprehensive plan is presented for researching methods of flood-data 
analysis and information transfer for foothill areas, and for establishing a 
hydrologic data-collection network in the foothill areas of Colorado. The 
research will concentrate on three areas:

1. Developing methods to analyze flood peaks in foothill areas by using 
gaging-station records to obtain annual arrays of snowmelt and rainfall 
peaks.

2. Investigating techniques for flood information transfer, using physical 
and climatic characteristics.

3. Testing and, if required, verifying hydrologic models.

The available gaging-station data consists of records from 81 active and ^3 
discontinued gaging stations. The National Weather Service operates 53 recording 
and 70 nonrecording precipitation gages, and has kj& storm observers within the 
project boundaries. The Soil Conservation Service is installing a network 
(SNOTEL) of ^6 automated snowpack monitors. A data-collection network will be 
established in areas of data deficiencies, consisting of streamflow stations, 
crest-stage gages, and precipitation stations.

INTRODUCTION

More than three-fourths of Colorado's population is concentrated along or 
near foothills at the base of high mountains. Many foothill streams flow through 
scenic canyons before flowing onto much flatter plains or plateaus. Because of 
the esthetic setting, development is increasing rapidly in these canyon areas. 
However, foothill streams are subject to frequent and often destructive floods. 
Foothill streams flood as a result of both excessive snowmelt and rainfall, but 
historically the most destructive flooding results from "cloudburst-type" rainfall 
associated with severe thunderstorms during the spring and summer.

The concentration of population, coupled with the highly destructive nature
of flash floods, dictates that sound scientific methods be employed in flood
studies relating to land-use planning, establishment of flood-insurance rates, and
the design of transportation facilities. Underestimation of flood potential can
"lead to tragic loss of life and destruction of property. Overestimation of flood
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potential virtually precludes additional development in the canyons and reduces 
property values. Consequently, public agencies engaged in land-use planning and 
regulation seek an optimal balance between protection of life and property and 
recognition of individual property rights.

Existing techniques used in deriving flood characteristics for foothill 
streams are inadequate or unverified; thus, vastly differing results can be 
obtained from independent analyses of the same flood record. Because some floods 
result from snowmelt at higher elevations while others result from intense 
rainfall at lower elevations, available flood records for foothill streams are 
applicable only to the collection sites or to nearby sites on the same stream. As 
a result of the above problems and the potential serious consequences, a project 
was begun October 1, 1977, to provide hydrologic data and improved techniques for 
flood-frequency analyses of foothill streams.

Purpose and Scope

This report documents a comprehensive plan for collection and analysis of 
flood data for streams in selected foothill areas of Colorado. Because of the 
anticipated length of the project, the report will provide future investigators 
with ideas and concepts from which the overall project was developed. The report 
also may be useful in planning similar projects in other areas.

Although foothi11-type streams occur adjacent to all mountainous areas in 
Colorado, severe floods produced by rainfall appear to be extremely rare for 
streams in the North Platte River basin and the Rio Grande basin. For this 
reason, streams in these two basins are not included in current project plans.

Evolution of Project Concepts

Two general methods have traditionally been used for deriving flood charac 
teristics of streams in Colorado. These methods are described below.

Flood-frequency analysis and vegionalization of gaging-station flood data.  
Where available, gaging-station records have been used to derive flood-frequency 
characteristics for gaged sites and nearby sites on the same stream. The 
predominent computation method requires fitting of the annual flood series for the 
gaging station to the Log-Pearson Type-Ill frequency distribution as recommended 
by the U.S. Water Resources Council (1976).

Flood characteristics for ungaged sites are obtained by regionalizing gaging- 
station data on the basis of physical or climatic basin parameters. Prior to 
1976, a series of U.S. Geological Survey reports defined flood characteristics for 
the four river basins in Colorado (Patterson, 196^; Patterson, 1965; Patterson and 
Somers, 1966; and Matthai, 1968). In these reports, sites on streams in the foot 
hill sections of Colorado were generally classed as mountain-type sites having 
only snowmelt floods. No provision was provided for a transition zone between 
plains or plateau streams and mountain streams. Consequently, computed flood 
characteristics for adjacent basins could be drastically different depending on 
the two basins' relative locations within hydrologic regions.



In 1976, the Colorado Water Conservation Board, in cooperation with the U.S. 
Geological Survey, published a statewide flood report (McCain and Jarrett, 1976) 
for estimating flood characteristics of gaged and ungaged sites on natural-flow 
streams in Colorado. Although this report addressed the problem of transition 
between rainfall- and snowmelt-type flooding, the suggested interim procedure for 
determining flood frequencies in foothill areas is highly subjective because of 
the lack of flood records in these areas.

Flood eha-paetevist-ies derived through synthetic hydrologic methods .  The 
other general method used for estimating flood characteristics of ungaged and, 
sometimes, gaged sites involves the use of various synthetic unit-hydrograph 
techniques and a selected rainfall pattern that is assumed to occur over the 
basin. Flood characteristics are then computed from the generated rainfall 
excess. The limitations of this method can generally be summarized as follows:

1. The inherent assumption in all synthetic hydrograph methods that the T- 
year rainfall produces the corresponding T-year flood.

2. Lack of continuous rainfall records to adequately define rainfall 
intensity-duration-frequency information and areal distribution in foothill and 
mountainous areas.

3. The assumption that rainfall occurs uniformly over all parts of a basin.

4. The lack- of adequate understanding of rainfall abstractions because of 
the variability of the soil-forest cover complexes in the foothills.

5. Inadequate verification of this technique on foothill streams.

During the preparation of the report by McCain and Jarrett (1976), it was 
noted that when using the annual flood array, the flood-frequency characteristics 
of foothill streams were significantly different from either mountain streams or 
plains and plateau streams. One major difference was that skew coefficients 
computed for the Log-Pearson Type-Ill statistical distribution were large positive 
numbers   sonnetimes greater than 1.0. In contrast, plains streams had skew 
coefficients near zero and mountain streams had slightly negative skews, about 
-0.3. Another shortcoming was that the computed flood-frequency relations failed 
to fit the larger flood peaks for most stations and were significantly lower in 
some instances. Additionally, the analysis indicated that total basin area was 
inadequate for use in estimating the flood potential of foothill streams. Thus, 
the problem was twofold: (1) How to compute reliable flood characteristics from 
long-term flood records of foothill streams; and (2) what method should be used 
for estimating the flood characteristics for ungaged sites on streams in foothill 
areas.

Several long-term gaging-station records for foothill streams were used to 
develop annual arrays for both rainfall and snowmelt floods. After fitting the 
separate annual flood arrays to the Log-Pearson Type-1 I I distribution, it was 
noted that the snowmelt flood-frequency relations conformed to the typical pattern 
of mountain streams and the rainfall flood-frequency relations approximated that



of plains streams. Also, when the separate relations were combined by the 
formula,

P (Composite) = P (Snowmelt) + P (Rainfall) - P (Snowmelt x Rainfall), 

where P = probability of occurrence,

the resulting composite relation fitted the larger flood peaks much better than 
did the relation based on the annual flood array. Although much additional 
detailed study is required, this technique appeared to yield acceptable results 
for gaged sites, but the question of flood-information transfer to ungaged sites 
was still unanswered.

After an extensive literature search and tests of various methods, an interim 
procedure was adopted which divided foothill flood areas into three subareas. The 
basin area above a specified elevation was considered to be in the mountain flood 
region, the area below another specified elevation to be in the plains or plateau 
flood regions, and the area between the two elevations to be in a transition zone. 
Although the method represents an improvement over earlier methods, it is 
subjective, being largely unverified because of the lack of flood records for 
streams draining areas of intermediate elevation.

Following the publication of the report by McCain and Jarrett (1976), a 
project proposal was circulated to several local, State, and Federal agencies for 
their comments and expressions of interest in participating in a study of flood 
hydrology of foothill streams. On July 31, 1976, the need for a study of this 
type was dramatically reinforced by the occurrence of the devastating floods in 
Larimer and Weld Counties.

AVAILABLE HYDROLOGIC DATA

Streamflow and precipitation data are available for many locations within 
foothill areas of Colorado. Tabulations of existing information are given in the 
following sections and site locations are shown on plate 1.

Streamflow Data

Aotive gaging stations.  During the 1978 water year, 81 gaging stations being 
operated by several agencies provided Streamflow data useful in attaining project 
objectives. Of the 81 stations, 15 are located in the South Platte River basin, 
19 in the Arkansas River basin, and kj in the Colorado River basin. Only those 
stations with 20 or more years of usable record are listed for the Colorado River 
basin because of the limited scope of the project in that area. Information about 
each active gaging station is listed in table 1 and the locations of the sites are 
shown on plate 1.

Discontinued gaging stations.  A listing of ^3 discontinued gaging stations 
that may provide pertinent Streamflow data for the research phase of the project 
is shown in table 2; locations are shown on plate 1. Several discontinued 
stations will be reactivated as project stations where rainfall-runoff data will 
be collected. Several others will be operated as crest-stage stations to extend 
the annual flood record at the sites.



Ta
bl
e 

1.
 
Se
le
ct
ed
 a
ct

iv
e 

ga
gi
ng
 s

ta
ti
on
s 

in
 f

oo
th

il
l 

ar
ea

s 
of

 t
he

 
So

ut
h 

Pl
at

te
 R

iv
er

, 
th

e 
Ar

ka
ns

as
 
Ri

ve
r,

 
an

d
th
e 

Co
lo
ra
do
 R

iv
er
 '

ba
si
ns
 
of

 C
ol

or
ad

o

Si
te
 

St
at
io
n 

nu
mb
er
 

nu
mb
er

1 2 3 4 5 6 7 8 9 10 11
 

12
 

13
 

14

06
70
05
00
 

06
70
60
00

06
70
70
00

06
70
95
00
 

06
71
05
00

06
71
15
00
 

06
71
20
00
 

C6
71
65
00
 

06
72
55
00
 

06
72
95
00

06
73
03
00
 

06
73
30
00
 

06
73
55
00
 

06
73
80
00

St
at

io
n 

na
me

SO
UT
H 

PL

Go
os
e 

Cr
ee

k 
ab

ov
e 

Ch
ee
sm
an
 
La

ke
  
  
  
 - 

No
rt
h 

Fo
rk
 
So
ut
h 

Pl
at
te
 
Ri
ve
r 

be
lo

w 
Ge
ne
va
 
Cr

ee
k,

 
at

 
Gr

an
t.

 
No
rt
h 

Fo
rk

 
So

ut
h 

Pl
at
te
 
Ri
ve
r 

at
 
So

ut
h 

Pl
at
te
.

Pl
um
 C

re
ek

 
ne
ar
 
Lo
uv
ie
rs
  
 
  
 
  
 
  
 -

Be
ar

 
Cr

ee
k 

at
 
Mo
rr
is
on
  
 
 
 
  
 
 
 
 
 

Be
ar

 
Cr

ee
k 

at
 
mo

ut
h,

 
at

 
Sh

er
id

an
  
 - 
 
 -

Ch
er
ry
 
Cr
ee
k 

ne
ar
 
Fr

an
kt

ow
n 
 
  
  
 - 
 

Cl
ea

r 
Cr

ee
k 

ne
ar
 
La

ws
on

- 
 
 
  
  
  
 
  
 

Mi
dd

le
 
Bo
ul
de
r 

Cr
ee

k 
at

 
Ne

de
rl

an
d 
 
 -
--

 
So

ut
h 

Bo
ul
de
r 

Cr
ee

k 
ne

ar
 
El
do
ra
do
 

Sp
ri

ng
s.

Co
al

 
Cr
ee
k 

ne
ar
 
Pl
ai
nv
ie
w 
 
  
 
 
 
  
 -

Bi
g 

Th
om
ps
on
 
Ri

ve
r 

at
 
Es
te
s 

Pa
rk

  
 
 
 - 

Bi
g 

Th
om

ps
on

 
Ri

ve
r 

ne
ar

 
Es
te
s 

Pa
rk
- 
 
 

Bi
g 

Th
om
ps
on
 
Ri
ve
r 

at
 
mo

ut
h 

of
 
ca

ny
on

,

La
ti
tu
de

Lo
ng
it
ud
e

AT
TE

 
RI
VE
R 

BA
SI

N

39
°1
2

I3
2"

 
10

5
0
18

'1
1"

 
39
°2
7

I2
6"
 

10
5°
39
'2
9"

39
°2

4'
32

" 
I0
5

01
0'

3r
'

39
°2

9'
04

" 
10
5°
00

10
7"

 
39

03
9
'
H
"
 

lO
S'
ll
'^
S"

39
°3
9'
08
" 

10
5°

or
57

" 
39

02
1'
21
" 

10
4°
45
'4
6"
 

39
°4
5

15
71

1 
10
5

03
7'
32
" 

39
°5

7'
42

" 
. 
10
5°
30
'1
4"
 

39
05
51
52
" 

io
5°

17
l/
»3

"

39
°5
2'
4o
" 

10
5°

16
13
6"
 

40
°2
2

14
2"
 
l
O
S
^
O
'
W
 

40
°2

2'
35

" 
10

5
02
9'
06
" 

40
02
5'
18
" 

10
5

0
13

'3
4"

Dr
ai
na
ge
 

ar
ea
, 

in
 

sq
ua

re
 

mi
 l
es

86
.6
 

12
7

47
9

30
2 

16
4

26
0 

16
9 

14
7 36
.2

10
9 15
.1
 

13
7 

15
5 

30
5

Ga
ge

 
da

tu
m,

 
in

 
fe
et
 

ab
ov

e 
me
an
 

se
a 

le
ve
l

6,
91

0 
8,
56
1

6,
09

1

5,
58
5 

5,
78
0

5,
29
5 

6,
17
0 

8,
03

0 
8,

18
6 

6,
08

0

6,
54

0 
7,

49
2 

7,
42

2 
5,
29
7

Re
co
rd
, 

in
 
ye
ar
s

1

Re
co
rd
ed
 

da
ta 54
 

21 56 31
 

58 52
 

39
 

33
 

35
 

23 19
 

32
 

16
 

23

An
nu

al
 

pe
ak
s

54
 

32 70 31
 

69 52
 

39
 

33
 

35
 

65 19
 

32
 

20
 

32
ne
ar
 
Dr
ak
e.

15
 

06
74
86
00
 

So
ut

h 
Fo
rk
 C

ac
he

 
la
 
Po
ud
re
 
Ri
ve
r 

ne
ar

 
Ru

st
ic

.
40

°3
8'

49
" 

10
50

29
'3
5"
 

92
.4

7,
59

7
22

22



T
ab

le
 

1.
 

S
el

ec
te

d
 a

ct
iv

e 
ga

gi
ng

 s
ta

ti
o
n
s 

in
 f

o
o

th
il

l 
ar

ea
s 

o
f 

th
e 

So
ut

h 
P

la
tt

e 
R

iv
er

, 
th

e 
A

rk
an

sa
s 

R
iv

er
, 

an
d

th
e 

C
ol

or
ad

o 
R

iv
er

 b
a

si
n

s 
o
f 

C
ol

or
ad

o-
-C

on
tl

nu
ed

Si
te

 
St

at
io

n 
nu
mb
er
 

nu
mb
er

16 17 18 19 20 21 22 23 2k 25 26 27 28 29 30 31 32 33 7
L

0
7
0
8
3
0
0
0

0
7
0
8
6
5
0
0

0
7
0
8
9
0
0
0

07
09
^6
00

07
09

^9
00

07
09

50
00

07
09

65
00

07
09
91
00

07
10

37
00

07
10

58
00

07
10
63
00

07
10
65
00

07
10
79
00

07
10

80
50

07
11

10
00

07
11

^0
00

07
12
^2
00

07
12
1*
30
0

ft
7i
 o
li
cn
n

St
at

io
n 

na
me

AR
KA
 

Ha
lf
mo
on
 
Cr

ee
k 

ne
ar
 
Ma

lt
a 
 
  
 
  
 
 -
-T

-
Cl

ea
r 

Cr
ee

k 
ab

ov
e 

Cl
ea

r 
Cr
ee
k

Re
se

rv
oi

 r
.

Co
tt

on
wb

od
 
Cr
ee
k 

be
lo

w 
Ho
t 

Sp
ri

ng
s,

ne
ar

 
Bu
en
a 

Vi
st

a.
So
ut
h 

Co
lo
ny
 
Cr

ee
k 

ne
ar

 
We

st
cl

 i
ff
e-
  
 

Mi
dd
le
 
Ta

yl
or

 
Cr

ee
k 

ne
ar

 
We

st
cl

 i
ff

e 
 
 

Gr
ap

e 
Cr
ee
k 

ne
ar

 
We

st
cl

 i
ff
e 
 
 
 - 
 
 
  
 

Fo
ur

mi
le

 
Cr
ee
k 

ne
ar
 
Ca
no
n 

Ci
ty

  
 
  
 

Be
av
er
 
Cr
ee
k 

ne
ar

 
Po
rt
la
nd
  
 
 
 
 
 
 
 

Fo
un
ta
in
 
Cr
ee
k 

ne
ar
 
Co
lo
ra
do
 
Sp
ri
ng
s 
 

Fo
un

ta
in

 
Cr

ee
k 

at
 
Se

cu
ri

ty
  
 
 
 
 
 
 
 

Fo
un

ta
in

 
Cr

ee
k 

ne
ar

 
Pi
no
n-
  
 
 
 
  
 
  

Fo
un

ta
in

 
Cr

ee
k 

at
 
Pu

eb
lo

- 
 
  
  
  
 
  
 

f*
 

U
 

f°
 v
 

\ 
^
 v

» 
D

br
es

nn
or

n 
ur

ee
K 

ne
ar

 
t\
ye
   

   
   

   
   

   
   

   
   

Gr
ee

nh
or

n 
Cr
ee
k 

ne
ar

 
Co

lo
ra

do
 
Ci
ty
  
 

Hu
er
fa
no
 
Ri
ve
r 

at
 
Ma

nz
an

ar
es

 
Cr
os
si
ng
,

ne
ar
 
Re

dw
in

g.

Cu
ch

ar
as

 
Ri

ve
r 

at
 
Bo
yd
 
Ra

nc
h,

 
ne
ar

La
 
Ve

ta
.

Pu
rg

at
oi

re
 
Ri

ve
r 

at
 
Ma
dr
id
- 
 
  
 
 
  
 

Lo
ng

 
Ca
ny
on
 
Cr

ee
k 

ne
ar
 M

ad
ri

d 
 
  
  
 -

La
ti
tu
de

NS
AS
 
R 

39
° 
10

39
°0

1

38
°l
*8

37
°5

9
38

°0
6

38
° 

11
38
°2
6

38
°2

2
38
°5
1

3
8
H
3

38
°2
6

38
° 
17

37
°5

5
37

°5
6

37
°k

3

37
°2

5

37
°0

7
37
°0
6

7
7
°
 1
ft

IV
ER
 

 2
0"

 0
5"

'1
*6
"

'5
7"

'3
0"

 1
0"

 1
1"

 2
7"

 1
7"

"*
6"

 5
0"

 1
6"

 1
V

 0
8"

  Z
jO
"

 1
2"

 J
»6

"
'5
3"

" 
1
C
"
"

Lo
ng

it
ud

e

BA
SI
N 

10
6°

23
10

6°
16

10
6°

13

10
5°

29
10

5°
36

10
5°

28
10

5°
11

10
J»

°5
7

10
i»

°5
2

10
1*
°^

10
V3

5
10

^°
 3
6

10
*»

°5
7

\Q
k°
k&

10
5°

21

10
5°
03

10
V 
38

10
A°

36
1f
tl
i°
7f
t

 1
9"

 3
8"

 1
8"

  2
5"

 0
3"

'5
9"

 2
7"

l/
jg
il

 3
9"

 0
0"

 2
8"

 0
2"

'2
1"

"0
7"

 0
3"

 0
8"

 2
0"

 1
7"

1 
7
1
"

Dr
ai
na
ge
 

Ga
ge

 
da
tu
m,
 

ar
ea

, 
in

 
in

 
fe
et
 

sq
ua
re
 

ab
ov

e 
me
an
 

mi
 l
es
 

se
a 

le
ve
l

23
.6

67
.1

65 6.
5

3.
2

32
0

kl
k

21
k

10
3

*»
95

81
*6

92
A 9.

56
29
.6

73
.0

56
.0

55
0

10
0

7
Q
C

9 8 8 8 9 7 5 k 6 5 5 k 7 5 8 7 6 6 c

,8
30

,8
85

,5
32

,9
^0

,9
60

,6
90

,2
5k

,9
93

,1
10

,6
*»
0

,0
05

,7
05

,2
20

,6
50

,2
70

,7
81

,2
62

,2
59 of
in

Re
co
rd
, 

in
 
ye
ar
s

1

Re
co
rd
ed
 

da
ta 32 33 28 k k 51 13 8 17 11 6 38 5 5 55 kk 7 7
C
7

An
nu

al
 

pe
ak
s

32 33 kQ k k 51 13 8 17 11 6 38 5 5 55 kk 7 7 Af
t



Ta
bl

e 
1
.
 
Se
le
ct
ed
 a
ct
iv
e 

ga
gi

ng
 
st
at
io
ns
 
in
 f

oo
th

il
l 

ar
ea

s 
of
 t

he
 
So

ut
h 

Pl
at

te
 R

iv
er

3 
th

e 
Ar

ka
ns

as
 
Ri

ve
r,

 
an

d
th

e 
Co
lo
ra
do
 R

iv
er

 b
as

in
s 

of
 C
ol
or
ad
o-
-C
on
ti
nu
ed

Si
te
 

St
at

io
n 

nu
mb
er
 

nu
mb
er

St
at

io
n 

na
me

La
ti
tu
de
 

Lo
ng
it
ud
e

Dr
ai
na
ge

ar
ea

, 
in

sq
ua
re

mi
 l
es

Ga
ge

 
da

tu
m,

in
 
fe

et
 

ab
ov
e 

me
an

 
se
a 

le
ve
l

Re
co
rd
, 

in
 
ye

ar
s-

Re
co
rd
ed
 

da
ta

An
nu

al
 

pe
ak
s

CO
LO
RA
DO
 
RI

VE
R 

BA
SI

N

35 36 37 38 39 40 41 42 43 44

09
02
40
00

09
02

65
00

09
03

60
00

09
03
75
00

09
04
00
00

09
04

75
00

09
05

20
00

09
05

95
00

09
06

05
00

09
06

45
00

Fr
as

er
 
Ri

ve
r 

ne
ar

 
Wi

nt
er

 
Pa
rk
 

St
. 

Lo
ui

s 
Cr

ee
k 

ne
ar
 
Fr

as
er

 
Wi

ll
ia

ms
 
Fo
rk
 
ne

ar
 
Le

al
 

Wi
ll
ia
ms
 
Fo

rk
 
ne

ar
 

Ea
st
 
Fo
rk
 
Tr
ou
bl
es

c 
Tr
ou
bl
es
om
e.

Sn
ak
e 

Ri
ve

r 
ne

ar
 
Mo

nt
ez

um
a 

Ro
ck

 
Cr

ee
k 

ne
ar
 
Oi

l 
Io

n 
Pi
ne
y 

Ri
ve

r 
ne

ar
 
St
at
e 

Br
id

ge
 

Ro
ck
 
Cr

ee
k 

ne
ar
 
To
pa
na
s 

Ho
me

st
ak

e 
Cr

ee
k 

ne
ar

 
Re
d 

Cl
i

45
 

09
06
55
00
 

Go
re

 
Cr
ee
k 

at
 
up
pe

r 
st
at
io
n,
 
ne
ar
 

Mi
nt
ur
n.

46
 

09
06

60
00

 
Bl
ac
k 

Go
re

 
Cr
ee
k 

ne
ar

 
M
i
n
t
u
r
n
-
-
-
-
-
-
-

47
 

09
07

00
00

 
Ea
gl
e 

Ri
ve

r 
be

lo
w 
G
y
p
s
u
m
 
 
 
 
 
 
 

48
 

09
07
80
00
 

Fr
in

gp
an

 
Ri

ve
r 

at
 
N
o
r
r
i
e
 
 
 
 
 
 
 
 

49
 

09
07

85
00

 
No

rt
h 

Fo
rk

 
Fr

yi
ng

pa
n 

Ri
ve
r 

ne
ar

 
No

rr
ie

50
 

09
08

16
00

 
Cr
ys
ta
l 

Ri
ve

r 
ab

ov
e 

Av
al

an
ch

e 
Cr
ee
k,
 

ne
ar

 
Re
ds
to
ne
.

51
 

09
08

50
00

 
Ro

ar
in

g 
Fo

rk
 
Ri

ve
r 

at
 
Gl
en
wo
od
 
Sp

ri
ng

s
52
 

09
08

95
00

 
We
st
 
Di
vi
de
 
Cr

ee
k 

ne
ar
 
R
a
v
e
n
 
 
 
 
 
 

53
 

09
09

25
00

 
Be
av
er
 
Cr

ee
k 

ne
ar

 
R
i
f
l
e
 
 
 
 
 
 
 
 
 

54
 

09
09

65
00

 
Pl

at
ea

u 
Cr
ee
k 

ne
ar

 
C
o
l
l
b
r
a
n
 
 
 
 
 
 
 
 

e
r 

rd
rK

--
  
  
 -

ra
s
e

r  
  
 
 
 
 -

,1 
 
 
 
 
 
 
 
 
 

s
h

a
ll 
 
 
 
 
 
 
 

C
re

e
k 

n
e
a
r

iz
um

a 
 
 
 
 
 
 
 

; 
B

ri
d
g
e
  
 
 
 
 

IS
  
 
 
 
 
 
 
 
 _

 
or

i 
r 

i 
: f
f 

_
_
_
_
_
_

}
J
 

p
H

 
U

U

 
 

3
9
°5

4
'3

6
"

 
 

3
9
°4

9
'5

3
" 

 
 

40
0
0
0
'0

1
"

4
0
°0

9
'2

7
"

__
 

3
9
°3

6
'2

0
"

 
 

3
9
°4

3
'2

3
"

 
 

39
°4

8
I0

0
" 

 
 

40
0
0
2
'2

8
"

7
Q

°
 O

Q
 1

 O
/i
""

1 
U

p
 

H
O

 
^
M

1
0
5
°5

2
'4

0
" 

10
6°

03
I1

5"
 

1
0
6
°1

0
'4

5
" 

1
0
6
°l

6
'5

8
n

1
0
5
°5

6
'3

3
" 

1
0
6
°0

7
'4

1
" 

1
0

6
°3

5
'0

0
"

1
0
6
°3

9
'1

9
" 

m
£

°0
9

 i 
no

n

L
I 

.0

3
2

.9
 

8
9
-3

 
18

4 7
6

.0

5
7

.7
 

1
5

.8
 

8
6

.2
 

4
7

.6
cR

 
1

39
°3

7'
40

" 
10

6°
16

'2
4"

39
°3

5
I4

7"
 

39
°3

8'
58

" 
39

°1
9'

51
" 

39
°2

0
I3

4"

10
6°

15
I5

2"
 

10
6°

57
'1

1"
 

10
60

39
'2

7
M 

10
60

39
'5

5"

39
°1

3
I5

6"
 

10
7°

13
'3

6'

39
03

2'
37

M 
39

01
9'

52
" 

39
02

8'
19

" 
39

°1
5

I0
2"

10
70

19
'4
4"
 

10
70

34
'4

6"
 

10
7°
49
'5
5"
 

10
70

50
'2
4"

14
.3

11
.8

94
4 90
.6

42
.0

16
7

,4
51 64

.6 7.
90

80
.4

8,
90

6
8,
98
0

8,
79

0
7,

80
9

7,
67

0

9,
32

0
8,

50
3

7,
27

2
8,

54
4

8,
78

3

8,
67
5

9,
15
0

6,
27

5
8,

41
0

8,
33

0

6,
90

5

72
1

05
0

68
5

7,
13
0

20 33 38 43 25 30 26 34 26 23 24 24 32 25 31 23 53 23 26 36

22 33 38 58 32 31 26 34 26 30 24 24 32 29 36 23 62 23 26 36



Ta
bl
e 
1
.
 
Se
le
ct
ed
 a
ct
iv
e 

ga
gi

ng
 
st
at
io
ns
 
in
 f

oo
th
il
l 

ar
ea

s 
of

 t
he
 S

ou
th
 P

la
tt

e 
Ri
ve
r,
 
th
e 
Ar

ka
ns

as
 
Ri

ve
r

t 
an

d
th
e 

Co
lo
ra
do
 R
iv
er
 b
as

in
s 
o
f
 C
ol
or
ad
o
 C

on
ti

nu
ed

Si
te

 
nu
mb
er

St
at

io
n 

nu
mb
er

St
at

io
n 

na
me

La
ti

tu
de

 
Lo
ng
it
ud
e

Dr
ai

na
ge

ar
ea

, 
in

sq
ua
re

mi
 l
es

Ga
ge

 
da

tu
m,

in
 
fe
et
 

ab
ov

e 
me

an
 

se
a 

le
ve
l

Re
co

rd
, 

In
 
ye
ar
s

1

An
nu
al
 

pe
ak

s
Re

co
rd

ed
 

da
ta

CO
LO

RA
DO

 
RI

VE
R 

BA
S 
IN
  
C
o
n
t
 i
nu
ed

C
O

55 56 57 58 59 61 62 63
 

6* 65 66 67 68 69 70 27
1 72 73 74

09
09

75
00

 
09
H2
50
0 

09
11

90
00

 
09
12

*5
00

 
09
12

85
00

60
 

09
13

25
00

09
16
50
00

09
16
65
00

09
17

25
00

09
17
55
00

09
23
95
00
 

09
2*
41
00
0 

09
2*

50
00

 
09
25
00
00
 

09
25
30
00

09
25
50
00
 

09
25
80
00
 

09
30

30
00

 
09
30
*0
00
 

09
30
*5
00

Bu
zz
ar
d 

Cr
ee

k 
ne

ar
 
Co
ll
 b
ra

n 
 
  
 
  
 - 

Ea
st

 
Ri
ve
r 

at
 
Al

mo
nt

- 
 
 
 - 
 
  
 
  
 
 - 

To
mi
ch
i 

Cr
ee

k 
at

 
Gu

nn
is

on
  
  
 
 
 
  
 - 

La
ke

 
Fo

rk
 
at

 
Ga
te

vi
ew

  
  
 -
- 
 
  
 
  
 
  

Sm
it
h 

Fo
rk

 
ne

ar
 
Cr

aw
fo

rd
- 
 
  
 
  
  
 - 

No
rt
h 

Fo
rk

 
Gu
nn
is
on
 
Ri
ve
r 

ne
ar

So
me

rs
et

.
Do

lo
re

s 
Ri
ve
r 

be
lo

w 
Ri

co
  
 
 - 
 
  
 
  
 - 

Do
lo

re
s 

Ri
ve

r 
at

 
Do

lo
re

s 
 
 
 
 
 
 
 
 
 -

Sa
n 

Mi
gu

el
 
Ri
ve
r 

ne
ar
 
Pl

ac
er

vi
ll

e 
 
 - 

Sa
n 

Mi
gu

el
 
Ri
ve
r 

at
 
Na

tu
ri

ta
  
 
 
 
 
  

Ya
mp
a 

Ri
ve
r 

at
 
St

ea
mb
oa
t 

Sp
ri

ng
s-

  
 - 

El
k 

Ri
ve
r 

at
 
Cl
ar
k 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

El
kh
ea
d 

Cr
ee

k 
ne
ar
 
El
kh
ea
d 
 
 
 
 
 
 
 
  

Mi
lk
 
Cr
ee
k 

ne
ar
 T

ho
rn
bu
rg
h-
  
  
 
  
 - 

Li
tt

le
 
Sn

ak
e 

Ri
ve

r 
ne
ar
 
Sl

at
er

- 
 
  
 - 

Sl
at
er
 
Fo

rk
 
ne

ar
 
Sl
at
er
  
 
 
 
 
 
 
 
 
  

Wi
ll

ow
 
Cr

ee
k 

ne
ar

 
Di
xo
n-
  
  
  
 
  
  
 - 

No
rt
h 

Fo
rk

 W
hi

te
 
Ri
ve
r 

at
 
Bu
fo
rd
  
 
  

So
ut
h 

Fo
rk
 W

hi
te
 
Ri

ve
r 

at
 
Bu
fo
rd
  
 
  

Wh
it
e 

Ri
ve

r 
ne
ar
 
Me

ek
er

  
 
 
 
 
 
 
 
 
  --

 
39

°1
6

I2
0"

-
 

38
03

9'
52

"
--
 

38
°3
1'
l8
"

-
 

38
°1
7

I5
6"

--
 

38
°*

3'
*0

"

38
°5

5'
*5

"

--
 

37
°3

8
I2
0"

-
 

37
°2

8
I1

6"
-
 

38
00
2'

05
"

 -
 

38
01

3'
0*
"

-
 

*0
°2

9'
01

"
--
 

*0
°*

3'
03

"
 -

 
*0

0*
0'
11
"

 -
 

*0
0H

'3
7"

 -
 

*0
°5
9'
58
"

 -
 

*0
°5
8

I5
7"

 -
 

*0
°5

*'
56

"
 -
 

39
05
9'

15
"

 -
 

39
°5

8
I2
8"

--
 

*0
°0
2

I0
1"

10
7°
51
'0
01

1
10
6°
50

I5
1"

10
6°
56
'2
5"

10
70

13
'*
6"

10
70

30
'2
2"

10
7°
26
'5
3"

10
8°
03

I3
5"

10
8°
 3
0'
 1
5"

10
8°
07
'1
51

1
10
8°
33

I5
7"

10
6°

*9
'5

*"
10

6°
5*

I5
5"

10
70

17
'0

*M
10

7°
*3

'5
71

1
10

7°
08

'3
*"

10
7°

22
'5

61
1

10
70

31
'1
6"

10
7°
36

I5
0"

10
7°
37
'3
0"

10
70

51
'*

2"

28
9 

,0
61

 
33

* 43
.7

53
1

10
5

50
*

30
8

,0
69 60
*

20
6 6*
.2

 
65
.0

28
5

16
1 2*
 

25
* 

17
0 

76
2

6,
95
5

8,
00

6
7,

62
9

7,
82

8
7,

09
1

6,
03
9

8,
*2

2 
6,
91
9 

7,
05

6 
5,

39
3

69
5 

26
8 

8*
5 

59
9 

83
1

60
0

70
0

01
0

97
0

6,
30
0

58 ** *1 *1 *0 *5 27 *5 *1 *0 69 *9
 

26
 

26
 

33 *6
 

25
 

27
 

27
 

68

58 50 *1 *1 *3 *5 27
 

6* *3
 

50 72 52 26 26 33 *8
 

25
 

30
 

28
 

70



Ta
bl
e 
1
.
 
Se
le
ct
ed
 a
ct
iv
e 

ga
gi
ng
 s

ta
ti

on
s 

in
 f

oo
th
il
l 

fl
oo
d 

ar
ea
s 

of
 t

he
 S

ou
th
 P

la
tt
e 

Ri
ve

r,
 
th
e 
Ar
ka
ns
as
 R

iv
er

, 
an

d
th
e 

Co
lo
ra
do
 R

iv
er
 b

as
in
s 

of
 C
ol
or
ad
o
 C

on
ti

nu
ed

Si
te

 
St

at
io

n 
nu
mb
er
 

nu
mb

er

75 76 77 78 79 80 81

09
34
00
00

09
34

25
00

09
34
40
00

09
34

60
00

09
35
75
00

09
36

10
00

09
36

15
00

St
at

io
n 

na
me

CO
LO
RA
DO

Ea
st

 
Fo
rk
 
Sa
n 

Ju
an
 
Ri
ve
r 

ne
ar

 
Pa
go
sa

Sp
ri
ng
s.

Sa
n 

Ju
an

 
Ri
ve
r 

at
 
Pa
go
sa
 
Sp

ri
ng

s-
 -
--
--

Na
va

jo
 
Ri

ve
r 

at
 
Ba
nd
ed
 
Pe
ak
 
Ra
nc
h,

ne
ar

 
Ch

ro
mo

.
Na
va
jo
 
Ri

ve
r 

at
 
Ed

it
h 
 
 
  
 
 
  
 
 
  
 -
-

An
im
as
 
Ri
ve
r 

at
 
Ho
wa
rd
sv
il
le
  
 
 - 
 
  
 -

He
rm

os
a 

Cr
ee
k 

ne
ar
 
He
rm
os
a-
  
 
  
  
 
 

An
im
as
 
Ri
ve
r 

at
 
Du
ra
ng
o 
 
 
  
 
  
 
 
 
 
  

La
ti

 t
ud
e

Lo
ng
i 
tu
de

Dr
ai
na
ge
 

ar
ea

, 
in

 
sq
ua
re
 

mi
 l
es

Ga
ge

 
da

tu
m,

 
in

 
fe
et
 

ab
ov

e 
me

an
 

se
a 

le
ve
l

Re
co

rd
, 

in
 
ye

ar
s

1

Re
co
rd
ed
 

da
ta

An
nu

al
 

pe
ak
s

RI
VE
R 
B
A
S
I
N
 
 C
on
ti
nu
ed

37
°2
2'

37
°1
5'

37
°0
5'

37
°0
0'

37
04

9.

37
°2
5'

37
°1
6'

10
"

58
"

07
"

10
"

59
"

19
"

45
"

10
6°
53
'

10
7°

00
'

10
6°

4l
'

10
6°
54
'

10
7°
35
'

10
7°

50
'

10
7°
52
'

30
"

37
"

20
"

25
"

56
"

40
"

47
"

86
.9

29
8 69
.8

17
2 55
-9

17
2

69
2

7 7 7 7 9 6 6

,5
98

,0
52

,9
41

,0
33

,6
17

,7
06

,5
01

44 45 42 36 43 48 58

44 49 42 36 43 48 58

l
u
m
b
e
r
 
of

 
ye
ar
s 

fo
r 

wh
ic

h 
co

nt
in

uo
us

 
st
ag
e 

re
co
rd
s 

ar
e 

av
ai

la
bl

e.
 

Nu
mb
er
 
of

 
ye

ar
s 

in
 
wh

ic
h 

an
nu

al
 
pe

ak
s 

we
re
 
no
t 

si
gn
if
ic
an
tl
y 

af
fe
ct
ed
 
by

 
kn
ow
n 

re
gu
la
ti
on
 
an

d 
di

ve
rs

io
ns

. 
2S

ta
ti
on
 
lo
ca
te
d 

in
 
Wy

om
in

g.



Ta
bl
e 
2
.
 
Se

le
ct

ed
 d

is
co

nt
in

ue
d 
ga

gi
ng

 s
ta
ti
on
s 

in
 f

oo
th
il
l 

ar
ea
s 

in
 
th
e 

So
ut
h 

Pl
at
te
 R

iv
er

3 
th
e 

Ar
ka

ns
as

 R
iv

er
, 

an
d

th
e 

Co
lo
ra
do
 R

iv
er

 b
as
in
s 
of

 C
ol
or
ad
o

Si
te

 
nu
mb
er

St
at

io
n 

nu
mb
er

St
at

io
n 

na
me

La
ti
tu
de
 

Lo
ng

it
ud

e

Dr
ai

na
ge

ar
ea
, 

in
sq

ua
re

mi
 l
es

Ga
ge

 
da

tu
m,

in
 
fe

et
 

ab
ov
e 

me
an
 

se
a 

le
ve

l

Re
co
rd
, 

in
 
ye
ar
s

1

Re
co

rd
ed

 
An
nu
al
 

da
ta

 
pe

ak
s

82 28
3 8A 85 86

06
69

95
00

06
71

10
00

06
71

25
00

06
71

70
00

06
71

95
00

87
 

06
72
20
00

88
 

28
9

29
0 91 29
2

29
3 3k
 

95
 

96

06
72

25
00

 
06
72
30
00

06
72

75
00

 
06

73
20

00

06
73
25
00
 

06
73

95
00

 
06

74
20

00
 

06
74

82
00

 
06

74
85

10

Ta
rr

ya
ll

 
Cr

ee
k 

ne
ar

 
La

ke
 
Ge

or
ge

- 
Tu
rk
ey
 
Cr
ee
k 

ne
ar
 
M
o
r
r
i
s
o
n
-
 
 
 
 

Ch
er
ry
 
Cr

ee
k 

ne
ar
 
M
e
l
v
i
n
-
 
 
-
 
 
 

Fa
ll

 
Ri

ve
r 

ne
ar

 
Id
ah

o 
S
p
r
i
n
g
s
 
 
 

Cl
ea

r 
Cr

ee
k 

ne
ar

 
G
o
l
d
e
n
 
 
  
 
 - 

SO
UT

H 
PL

AT
TE

 
RI
VE
R 

BA
SI

N

39
°0
4'
30
" 

10
5°
24
'3
0"

39
03

8'
08

" 
10
5

01
0'
05
"

39
°3

5'
42

" 
10

40
48
'4
4"

39
°4
5'
22
" 

10
5°

33
'2

1"

No
rt

h 
St
. 

Vr
ai
n 

Cr
ee
k 

at
 
Lo
ng
mo
nt
 
Da
m,

ne
ar

 
Ly
on
s.
 

So
ut

h 
St
. 

Vr
ai
n 

Cr
ee
k 

ne
ar

 
Wa

rd
--

--
--

-
Mi

dd
le

 
St
. 

Vr
ai

n 
Cr

ee
k 

ne
ar

A!
le
ns
 
Pa
rk
.

Fo
ur
mi
le
 
Cr
ee
k 

at
 
O
r
o
d
e
l
l
 
 
  
  
 
 - 
 
 - 

Gl
ac
ie
r 

Cr
ee

k 
ne

ar
 
Es
te
s 

Pa
rk
--
--
--
--
-

Fa
ll
 
Ri

ve
r 

at
 
Es

te
s 

Pa
rk

--
--

--
--

--
--

--
Bu
ck
ho
rn
 
Cr

ee
k 

ne
ar
 
Ma

so
nv

il
le

--
--

--
--

Li
tt
le
 
Th

om
ps

on
 
Ri
ve
r 

ne
ar
 
B
e
r
t
h
o
u
d
 
-
 

Fa
ll
 
Cr

ee
k 

ne
ar
 
R
u
s
t
i
c
 
 
 
 
 
 
 
 
 
 
 
-
 

Li
tt
le
 
Be

av
er

 
Cr

ee
k 

ne
ar
 
Id

yl
wi

ld
e-

--
-

40
°1

3'
30

" 
10
5

02
1'

00
"

40
°0
5'
27
" 

10
5°
30
'5
0"

40
°

1,0
'0

0"
 

10
5

02
6'
38
"

40
0O

T
06

" 
10

5°
19

'3
3"

40
°2

0'
41

" 
10

5°
35

'0
0"

40
°2
2'
35
" 

10
5°

31
'3

2"
40

°2
7'

14
" 

10
5°

11
'5

V'
40

°1
5'

30
" 

10
5°
12
'1
5"

40
°3
3'
06
" 

10
5°

37
'3

5"
40

°3
8'

19
" 

10
5°
39
'4
0"

kl
k 50
.

33
6 23
.

39
9

10
6

8,
25

0
5,
71
8

5,
63
0

7,
72
0

5,
73

5

6,
05

0

}k
.k

28
.0

2k
.}

2k
. 
k

39
.8

13
1

10
1 3.

64 .8
9

9,
37

2
7,

56
0

5,
75

0
7,

98
0

7,
54

7
5,

20
0

5,
22

0
9,
76
5

10
,0

00

30 8 30 9 63 28 2k
 5 7 18 9 9 16 13 13

30 12 30 9 63 28 2k
 5 7 18 9 11 16 13 13

97
Li
tt
le
 
Be
av
er
 
Cr

ee
k 

ne
ar
 
Ru

st
ic

-
23
" 

10
5°

33
'5

2"
12
.3

8,:
13



Ta
bl
e 
2
.
 
Se

le
ct

ed
 d
is

co
nt

in
ue

d 
ga

gi
ng

 s
ta
ti
on
s 

in
 f

oo
th

il
l 

ar
ea
s 

in
 
th
e 

So
ut
h 

Pl
at
te
 R

iv
e?

, 
th
e 
Ar
ka
ns
as
 R

iv
er

, 
an

d
th

e 
Co

lo
ra

do
 R

iv
er
 b

as
in
s 
of
 C
ol

or
ad

o
 C
on
ti
nu
ed

Si
te
 

St
at

io
n 

ej
. 

, 
, 

St
at

io
n 

na
me

 
nu
mb
er
 

nu
mb
er

Dr
ai

na
ge
 

Ga
ge
 
da
tu
m,

,,
..

,.
. 

. 
..

..
 

ar
ea

, 
in

 
in
 
fe

et
 

La
ti
tu
de
 

Lo
ng

it
ud

e 
. 

sq
ua
re
 

ab
ov

e 
me
an

mi
le
s 

se
a 

le
ve

l

Re
co

rd
, 

in
 
ye
ar
s

1

Re
co

rd
ed

 
An

nu
al

 
da

ta
 

pe
ak
s

98 29
9

10
0

2
10
1

10
2

2
10

3
10
^4

2
10
5

2
10
6

10
7

07
08

20
00

07
09

10
00

07
10

60
00

07
10

75
00

07
10
85
00

07
10

88
00

07
11

20
00

07
11

25
00

07
11
80
00

07
12
50
00

10
8

10
9

11
0

11
1

11
2

09
02
00
00
 

09
03
30
00
 

09
0^
70
00
 

09
05
05
00
 

09
06
80
00

AR
KA

NS
AS

 
RI
VE
R 

BA
SI

N

La
ke
 
Fo

rk
 
ab

ov
e 

Su
ga
r 

Lo
af
 
Re
se
rv
oi
r-
- 

39
0
l6
'1
0"

Ch
al

k 
Cr

ee
k 

ne
ar
 
Na
th
ro
p 
 
 
 
 
 
  

Fo
un

ta
in

 
Cr

ee
k 

ne
ar
 
Fo
un
ta
in
- 
 
 
  

St
. 

Ch
ar

le
s 

Ri
ve

r 
at
 
Bu
rn
t 

Mi
ll
--

St
. 

Ch
ar

le
s 

Ri
ve

r 
ne
ar
 
Pu

eb
lo

- 
 
  

St
. 

Ch
ar

le
s 

Ri
ve

r 
ne
ar
 
Vi
ne
la
nd
--

Hu
er

fa
no

 
Ri
ve
r 

ne
ar
 
Ba

di
to

  
 
  
  

Hu
er
fa
no
 
Ri
ve
r 

at
 
Ba

di
to

  
 
 
 
 
  

Ap
is

ha
pa

 
Ri
ve
r 

ne
ar

 
Ag

ui
la

r 
 
 
  

Pu
rg
at
oi
re
 
Ri
ve
r 

ne
ar
 
Ho

eh
ne

  
 
  

Wi
ll

ow
 
Cr

ee
k 

ne
ar
 
Gr

an
by

  
 
 - 
 
 
  

Me
ad

ow
 
Cr
ee
k 

ne
ar
 
Ta

be
rn

as
h 
 
 
 - 

Bl
ue

 
Ri

ve
r 

at
 
Oi
l 
Io

n 
 
 
 
 
 
 
 
 
 - 

Te
nm

il
e 

Cr
ee

k 
at
 
Oi

l 
Io

n 
 
 
 
 
 
 
  

Br
us

h 
Cr
ee
k 

ne
ar
 
Ea
gl
e 
 
 
  
 
  
 - 

.  
 
 
 

38
04
4'

01
"

   
 
 
 

38
°3

6'
08

"
.  
 
 
 

38
°0

3'
06

"
.  
 
 
 

38
°1
2'
39
"

-  
 
 
 

38
01

3'
37
"

   
 
 
 

37
°4

3'
40

"
 
  
 

37
°4

3'
38

"
-  
 
 
 

37
°2

3'
11

"
   
 
 
 

37
°1
4'
50
"

CO
LO
RA
DO
 
RI
VE
R

-  
 
 
 

40
°1

5'
12

"
-  
 
 
 

40
°0
3'
03
"

-  
 
 
 

39
°3

6'
50

"
-  
 
 
 

39
°3

6'
45

"
-  
 
 
 

39
°3

3'
26

"

10
6°
23
'4
0"

10
6°
09
'3
V'

10
4°
40
'1
3"

10
4°
47
'3
5"

10
4°

31
 '
57

"

10
4°
29
'5
4"

10
50
OT
05
"

10
5°
00
'4
3"

10
4°

39
'5

5"
10
4°
23
'5
0"

BA
SI

N

10
5°
38
'3
9"

10
5°

46
'3

7"
10
6°
03
'0
5"

10
6°
03
'1
5"

10
6°
45
'4
5"

23
-9

97
 

67
6 

16
6 

46
8

47
6

49
9

53
2

12
6

85
7

10
9 8.

0
12

8
11

1 69
.7

,8
00

,1
13

,3
42

,3
50

,6
90

4,
61

9
6,
50
0

6,
41

5
6,
40
8

5,
73

2

8,
23

4
9,
78
0

8,
82

1
8,
81
8

7,
45
0

12 7 14 6 11 6 6 13 11 14 20 21 32 31 22

12 7 15 6 13 6 6 14 12 14 20 21 43 40 22



Ta
bl

e 
2
.
 
Se
le
ct
ed
 d
is

co
nt

in
ue

d 
ga

gi
ng

 
st
at
io
ns
 
in
 f

oo
th

il
l 

ar
ea

s 
in
 
th

e 
So
ut
h 

Pl
at
te
 R

iv
er
, 

th
e 
Ar

ka
ns

as
 R

iv
er

3 
an

d
th

e 
Co

lo
ra

do
 R
iv

er
 b

as
in

s 
of
 C
ol

or
ad

o-
-
Co
nt
in

ue
d

l-
o

Si
te
 

St
at
io
n 

nu
mb
er
 

nu
mb
er

11
3 

11
4 

11
5 

11
6 

11
7

11
8 

11
9 

2
12

0

12
1 

12
2

21
23

 
12

4

09
08
25
00
 

09
11
35
00
 

09
11
55
00
 

09
11
80
00
 

09
12
50
00

09
12
75
00
 

09
13
45
00
 

09
34
15
00

09
34
30
00
 

09
34
95
00

09
36
20
00
 

09
36
30
00

St
at

io
n 

na
me

CO
LO
RA
DO

Cr
ys

ta
l 

Ri
ve
r 

ne
ar
 
Re
ds
to
ne
--
- 
 
  
 
  
 - 

Oh
io
 
Cr

ee
k 

ne
ar
 
Ba
ld

wi
n 
--

--
--

--
--

--
--

-

Qu
ar
tz
 
Cr

ee
k 

ne
ar
 
Oh
io
 
Ci
ty
  
  
  
  
  

Cu
re
ca
nt
i 

Cr
ee

k 
ne
ar
 
Sa
pi
ne
ro
  
 
 - 
 
 
 -

Cr
ys

ta
l 

Cr
ee

k 
ne

ar
 
Ma

he
r 
 
 
  
  
 
 
 
  
 -

L
.
C
 1 
<
J
U
A
 

\*
\ 
C
C
 is

. 
1 I
C
a
 1 

\*
*2

\l
GI

 
C
U
y
 C

We
st

 
Fo
rk
 
Sa

n 
Ju

an
 
Ri

ve
r 

ne
ar

 
Pa
go
sa
 

Sp
ri
ng
s.

Ri
o 

Bl
an
co
 
ne

ar
 
Pa
go
sa
 
Sp
ri
ng
s-
  
  
  
 

Pi
ed
ra
 
Ri

ve
r 

ne
ar
 
Pi

ed
ra

- 
 
 
  
 - 
 
 -
--

Li
gh

tn
er

 
Cr

ee
k 

ne
ar
 
Du

ra
ng

o 
 
 
 
 
  
 
 

Fl
or

id
a 

Ri
ve

r 
ne
ar
 
Du
ra
ng
o 
 
 
 
 
 
 
 
 

La
ti
tu
de

Lo
ng
i
tu
de

RI
VE

R 
B
A
S
I
N
 
 C
on

ti
nu

ed

39
°1

7'
55

" 
10
7°
12
'4
9"
 

38
°4

2'
08

" 
10
6°
59
'5
2"
 

38
°2

3'
42

" 
10
6°
25
'2
0"
 

33
03
3.
35
..
 

io
6°
38
'1
0"
 

38
°2
9'
15
" 

10
7°
24
'5
1"

38
°3
3'
05
" 

10
7°
20
'3
1"
 

38
°5
5'
35
" 

10
70

47
'3

5"
 

37
02
2'
40
" 

10
6°
54
'0
0"

37
°1

2
I4
6"
 

10
6°
47
'3
8"
 

37
01

3'
20
" 

10
7°
20
'3
21

'

37
01

6'
10

" 
10
7°
53
'1
5"
 

37
°1

9'
40

" 
10
70

44
'4

0"

Dr
ai

na
ge

 
ar

ea
, 

in
 

sq
ua
re
 

mi
 l
es

22
9 

12
1 

14
9 

10
6 35
.0

42
.2
 

35
.1
 

87
-9

58
.0

 
37
1 66
 

96

Ga
ge
 
da

tu
m,

 
in

 
fe
et
 

ab
ov

e 
me

an
 

se
a 

le
ve

l

6 8 8 8 7 8 7 7 7 6 6 7,4
84
 

,2
30
 

,4
16
 

,4
30
 

,8
67

,0
70

 
,2
55
 

,6
14

,9
50

 
,5
10

,5
34
 

,3
02

Re
co

rd
, 

in
 
ye

ar
s

1

Re
co
rd
ed
 

da
ta 29

 
22

 
40
 

24
 

27 21
 

29
 

26 37
 

34 22
 

35

An
nu

al
 

pe
ak

s

29
 

24
 

41
 

24
 

27 21 29
 

26 37
 

34 22
 

48

l
u
m
b
e
r
 
of
 
ye

ar
s 

in
 
wh
ic
h 

an
nu

al
 
pe
ak
s 

we
re
 
no
t 

si
gn
if
ic
an
tl
y 

af
fe
ct
ed
 
by

 
kn
ow
n 

re
gu
la
ti
on
 
an
d 

di
ve

rs
io

ns
, 

an
d 

th
e 

nu
mb
er
 
of
 
th
os
e 

ye
ar

s 
fo
r 
wh

ic
h 

co
nt

in
uo

us
 
st
ag
e 

re
co

rd
s 

ar
e 

av
ai

la
bl

e.
2S

ta
ti
on
 
li

st
ed

 
in

 
ta
bl
e 

7 
fo

r 
co
ns
id
er
at
io
n 

of
 
re
ac
ti
va
ti
ng
 
as

 
a 

cr
es

t-
st

ag
e 

st
at

io
n.



Maximum observed peak flow data.-- Extreme . floods have been measured in 
several areas of Colorado, being most prevalent along the eastern foothills and 
plains and in the southwestern part of the State. Some of the largest observed 
flood discharges for the South Platte River basin are listed in table 3 and are 
plotted in figure 1. These observed peak discharges show both gaged and ungaged 
sites. The discharges are plotted against contributing drainage area when the 
areal extent of the storm was defined. As shown in figure 1, maximum observed 
peak discharges for foothill streams plot much lower than discharges for other 
streams when total drainage area is used.

Precipitation Data

National Weather Service precipitation-gage network.  The active National 
Weather Service network within the general project area consists of 53 recording 
and 71 nonrecording precipitation gages (pi. 1). Information about the 
precipitation-gage network is contained in the monthly Climatological Data series 
of the U.S. National Oceanic and Atmospheric Administration (1961-77) 

In addition to the regular network, a network of volunteer observers has been 
established by the National Weather Service to provide weather information on an 
individual storm basis. This network will provide valuable supplemental 
precipitation data for use in hydrologic studies. The number of observers in 
foothill areas is listed by county in table 4.

Soil Conservation Service network.  The Soil Conservation Service operates a 
snow survey that measures water equivalent of the snowpack during the winter and 
spring. Another network, called SNOTEL, which is being established during 1975~ 
80, will provide an automated-data system to report measurements of water 
equivalent of the snowpack, precipitation, and temperature on a daily basis, or 
more frequently if desired. Sites in the SNOTEL system of potential value to this 
project are shown on plate 1.

RESEARCH

The foregoing discussion has identified critical deficiencies in existing 
hydrologic-analysis techniques when applied to the foothills flood environment. 
This section of the report describes a research plan designed to study the 
foothills-flood problem and develop improved flood-frequency computation and 
information-transfer techniques. The research effort is concentrated on three 
major study tasks:

1. Developing methods to identify and analyze flood records of foothill 
streams.

2. Investigating flood-information-transfer techniques using physical and 
climatic characteristics of foothill basins.

3. Testing and, if required, modifying hydrologic models for application in 
foothill basins.
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Table k.--Number of National Weather Service storm observers in Colorado

County
Alamosa-------
Archuleta-----
Boulder-------
Chaffee     
Ouster      
Delta        -
Dolores-------
Douglas-------
Eagle         -
El Paso      
Fremont      -
Garf ield     -
Gi Ipin--   ----
Gunni son---   -
Huerfano------
Jefferson    
La Plata ------

Number of
observers

   18
   5
   92
   3
   , 2
  - 3
   3
   3
   5
   110
   2
   8
   3
   2
  - 6
   53
   8

County
Larimer        -
Mesa          -
Mineral        
Moffat -         
Montezuma- ------
Montrose------  
Ouray          
Pi tkin ------
Pueblo ----------
Rio Blanco-     -
Rio Grande------
Routt         
Saguache        
San Juan   -     
San Miguel----  
Teller        -

Number of
observers

..... 43
    8
..... 3
    7
    3
    6
    2
..... it
  ... 5
..... 5
    20
    5
..... 7
    3
..... ^
    25

The research effort 
for a 3~year period. After 
plishments and remaining 
modifications will be made
requirements for 
a data-col lection

was started October 1, 1977, and was initially planned
the second year, an evaluation will be made of accom-
study tasks. Following the evaluation, required

to the research plan. Additional hydrologic-data
foothill basins will be identified during the research study and 
network will be designed and instrumented.

Coordination will be maintained with the U.S. Water Resources Council work 
group on flood-flow frequency and other groups engaged in flood-research studies. 
The overall research plan includes consultation from specialists in the field of 
hydrologic statistical analysis, geomorphology, and botanic research. A 
literature search and review will be completed during 1979. Several pertinent 
reports and articles related to the research study tasks are listed in this report 
as references.

Flood Records for Foothill Streams

The flood problem for foothill streams is described by the U.S. Water 
Resources Council (1976), as follows: "At some locations, flooding is created by 
different types of events. For example, flooding in some watersheds is created by 
snowmelt, rainstorms, or by combinations of both snowmelt and rainstorms. Such a 
record may not be homogeneous and may require special treatment." Several studies 
involving flood records for foothill streams are mentioned elsewhere in the 
report, but to date no comprehensive effort has been made to study the problem on 
a wide scale. Although this study is limited to the foothills environment of 
Colorado, project concepts and results could conceivably be applied to similar 
foothill streams elsewhere.
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The first step in this study task is to identify records of gaging stations 
affected by floods in foothill areas. Available records for gaging stations in 
the project area are being studied and a list is being prepared of those stations 
having foothi11-flood characteristics. In addition to annual flood arrays, which 
are already accessible, annual arrays of snowmelt and rainfall floods are being 
developed for each station. These annual flood arrays will provide the required 
data base for statistical research.

Statistical research will consist of testing probability distributions for 
adequacy in fitting snowmelt, rainfall, and combined flood arrays and 
investigating statistical techniques for combining snowmelt, rainfall, and 
combined flood-frequency relations into a composite relation. An evaluation of 
relative accuracy between the individual and composite flood-frequency relations 
will be made with particular emphasis placed on fitting of large peak discharges.

Flood-Information Transfer Techniques

Standard regression techniques for estimating flood characteristics at 
ungaged sites from gaging-station data yield unusable results for foothill basins. 
Total basin area has been found to be an inadequate indicator of flood potential 
and there is no verified method for using other basin and climatic parameters. 
The report by McCain and Jarrett (1976) contains an interim procedure for 
computing flood characteristics at ungaged sites in foothill areas of Colorado, 
but the method is unverified and yields questionable results for small basins near 
the transition zone. Also, the decision to set the lower limit of the Mountain 
Region at 7,500 or 9,000 feet was largely based on subjective information because 
of the lack of flood data for basins draining intermediate elevations along the 
foothills. A problem of equal importance is that of using synthetic hydrologic 
models where design rainfalls are placed over entire foothill basins to generate 
flood hydrographs. If total basin area yields inadequate results in regression 
analysis, then it is questionable that the total area should be used in modeling.

This research effort is based on the premise that certain physical and 
climatic features of foothill basins have an identifiable relationship with type 
and, possibly, magnitude of flooding that produced the features. Therefore, a 
study of selected physical features should provide valuable evidence relating to 
areal extent of rainfall flooding and should lead to improvement in flood- 
information transfer techniques. Several physical features of foothill basins 
being studied are:

1. Measurement and analysis of hydraulic and geometric properties of main 
streams and their tributaries; also other basin characteristics, such as mean ele 
vation, mean annual precipitation, soil types, forest cover, aspect, and urbaniza- 
t ion.

2. Geomorphic studies across flood plains, along outside valley limits, and 
on alluvial fans where steep tributaries flow onto flatter valley floors.

3. Studies of the feasibility of using botanic evidence of floods, such as 
tree scars, vegetation modification, and lichen-growth rates.
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Research emphasis will be placed on stream reaches between elevations of 
7,000 to 10,000 feet above mean sea level (8,000 to 11,000 feet above mean sea 
level in the Arkansas River basin) and at major tributaries. A tentative schedule 
for research activities for several foothill basins is presented in table 5.

Table 5-"Basins in which research studies on channel geometry, 
geomorphology, and botany will be conducted

[A, Arkansas River basin; C, Colorado River basin; 
S, South Platte River basin]

Basin

Boulder Creek (S)* 
Bear Creek (S)* 
Big Thompson River (S)» 
Fountain Creek (A)* 
Animas River (C)* 
Sweetwater Creek (C)* 
San Juan River (C) 
St. Vrain Creek (S) 
Purgatoire River (A) 
Clear Creek (S) 
Huerfano River (A) 
Turkey Creek (S) 
Cache la Poudre River (S) 
Cucharas River (A) 
Roaring Fork River (C) 
Grape Creek (A) 
White River (C) 
Fourmile Creek (A) 
Beaver Creek (A) 
Yampa River (C) 
Eagle River (C) 
Dolores River (C) 
San Miguel River (C) 
St. Charles River (C)

-Research studies started in 1978.

Studies of channel hydraulics and geometry .--The operational hypothesis in 
this part of the study is that discernible changes occur in channel features as 
elevation increases in foothill basins, and that these changes can be related to 
the type of flood-producing event. Field measurements of channel features such as 
width, depth, and slope are being made at selected locations along foothill 
streams. These data are being studied to identify channel-character!stic changes 
with elevation or to reject the hypothesis that discernible patterns exist. If 
the hypothesis is accepted, additional study will be made of the degree of 
association of channel-characteristic changes among basins.
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Studies of geomorphology.   Intuitive reasoning suggests that flood deposits 
in and adjacent to foothill streams should be related in some manner to the type 
of flood that transported and deposited the material. This leads to the 
hypothesis that historical flash-flood occurrences in the foothills region can be 
identified by detailed analysis of streambed and flood-plain deposits.

Samples of streambed and flood-plain deposits at selected cross sections are 
being collected and analyzed to investigate the hypothesized relationship with the 
type of flood. Special emphasis is being placed on identification of deposits on 
alluvial fans where steep tributaries flow onto flatter mainstream valley floors. 
Slope-wash and glacial-melt deposits along valley edges are being mapped to 
separate them from tributary alluvial deposits.

Studies of botany.--Other possible sources of information relating to flash- 
flood severity and areal extent are studies of vegetation modification, including 
tree-ring analysis and lichen-growth patterns. Flash floods are invariably 
characterized by swift velocities, transport of large boulders and debris, and 
overbank discharges. Significant vegetation modification occurs along streams, 
and the vegetation that survives usually bears evidence of the flood for many 
years. Experts in the field of botanic research are frequently able to identify 
various kinds of vegetation modification and, in some cases, establish a time 
reference for the occurrence of past floods.

Studies will be conducted to evaluate the feasibility of using tree-ring 
analysis and lichen-growth rates to provide historical flood information. 
Specialists from local universities and other agencies will conduct 
reconnaissance-type tree-ring studies and investigate the feasibility of relating 
lichen-growth patterns to the occurrence of floods. Future botanic research will 
be dependent on the outcome of the feasibility studies.

Testing and Verifying Hydrologic Models

This phase will be conducted during the latter part of the project. Various 
hydrologic models will be tested, using knowledge gained during the earlier 
studies. If required, components of existing models will be modified to better 
represent physical characteristics of foothill basins.

An important item in hydrologic modeling is an accurate determination of the 
areal extent of rainfall over a basin. On-site investigations will be conducted 
following significant floods to define the areal extent of the flood-producing 
storms. Satellite photography and radar data will also be studied to determine 
its possible use in defining areal extent of storms. It is anticipated that 
knowledge gained from the total research effort can result in a more physically 
significant hydrologic model for foothill basins than presently exists.

Related Research Studies

Although outside the scope of this project and outside the mission of the 
U.S. Geological Survey, one important meteorological study could add valuable in 
formation toward solution of the foothills-flood problem. This study is mentioned 
to encourage research effort by qualified agencies or individuals.
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The study relates to orographic effects caused by certain topographic 
features that appear to act as barriers to severe storms along the Front Range in 
Colorado. One example is Genesee Mountain, which appears to create an orographic 
effect, causing severe floods on Mount Vernon and Bear Creeks but virtually 
protecting the Clear Creek basin. Another example is the Rampart Range, which 
appears to protect the South Platte River tributaries to the west from severe 
storms. The questions to be answered are: (1) Can flash flood hotspots be 
identified, and (2) can a meaningful relationship be derived between elevation and 
frequency of severe thunderstorms?

PROJECT DATA NETWORK

An urgent need exists for hydrologic data in foothill areas of Colorado.
This project will provide the required data through establishment of gaging
stations, rain gages, and crest-stage gages at key locations.

Several basins in which gaging stations, rain gages, and peak-flow crest- 
stage gages could be installed are listed in table 6 and are shown on plate 1. 
This list will be modified after completion of the network design and review by 
participating agencies. The project stations will be operated from April 15 to 
October 15 during each year.

Gaging Stations

A network of flood-hydrograph gaging stations will be designed during the 
research phase of the project, based on identified areas of data deficiency. In 
addition to number and location of required stations, the network design will also 
provide a probable 1ength-of-data-col1ection period, which is presently estimated 
as a minimum of 15 years.

Precipitation Gages

As determined in the research phase of the study, each gaging station in the 
network will be equipped with a recording rain gage to provide concurrent records 
of streamflow and rainfall. Depending on the size of the basin, one or more 
additional rain gage will be located upstream in each project basin. Where 
appropriate, two or three project basins will be selected in the same general 
vicinity to take advantage of a "grouping effect" on the design of the rain-gage 
network.

Crest-Stage Gages

About 20 crest-stage gages were established during the 1978 water year 
(table 7 and pi. 1). Many of the crest-stage gages are located at discontinued 
gaging stations and are identified by a footnote in table 2. The crest-stage 
gages will provide data for extending the annual flood arrays at the previously 
gaged sites, with consequent improvements in flood-frequency estimates for the 
gaged basins. Depending on the outcome of the network design, some of the crest- 
stage gages may later be converted to flood-hydrograph gaging stations.
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Table 7 .--Basins in which crest-stage gages have been or will be installed

Site 
number Stream basin County Record, 

in years

SOUTH PLATTE RIVER BASIN

148 Deer Creek                -  
159 Bear Creek above Evergreen Lake- 
149 Cub Creek                -
151 Mount Vernon Creek--------------
152 Parmalee Gulch               
83 Turkey Creek--------------------
89 Middle St. Vrain Creek      -
90 Fourmile Creek------------     - 
92 Fall River                  
160 Cedar Creek                
93 Buckhorn Creek              - 

Jefferson- 
Jefferson- 
Jefferson- 
Jefferson- 
Jefferson- 
Jefferson- 
Boulder--- 
Boulder--- 
Larimer--- 
Larimer--- 
Larimer---

0
0
0
0

12
5
7
9
0

11

99 Chalk Creek      
103 St. Charles River- 
105 Huerfano River---- 
106 Apishapa River----

ARKANSAS RIVER BASIN

Chaffee-   
Pueblo----- 
Huerfano--- 
Las Animas-

7
6

14
12

COLORADO RIVER BASIN

156 Sweetwater Creek-   ---    
157 Fourmile Creek-----------
158 Walton Creek           
120 West Fork San Juan River- 
123 Lightner Creek  -------

Eagle----- 
Garfield- 
Routt    
Archuleta- 
La Plata--

1
0
8

26
22

lumber of years in which annual peaks were not significantly affected by 
known regulation or diversions.

Data Processing and Storage

The existing computer files of the Survey will be used for storing and proc 
essing data for significant storms in each project basin. Project data storage and 
retrieval files will be created in the U.S. Geological Survey Computer in Reston, 
Va. A peak-flow data file will be created to store and process mixed-, snowmelt-, 
and rainfall-flood arrays. Selected hydrologic models will be modified and the 
data stored in files to be created for subsequent research activities and for cal 
ibration using project rainfal1-runoff data.
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PLANNED REPORTS

Several potential reports 
discussed below.

describing various activities in the project are

Annual progress reports. --An annual progress report could be prepared at the 
end of each water year. These reports will describe project activities for the 
preceding year, planned activities for the forthcoming year, and could summarize 
availability of project data which can be obtained by request.

Technical journal articles.- -Technical journal articles summarizing the 
feasibility of using geomorphic and botanic data to aid in determining flood 
frequency in foothill areas could be written if the studies result in conclusive 
results. The articles would contain preliminary study results and proposals for 
expanding geomorphic and botanic studies into other foothill basins.

Summary report.  Results of the research study of flood records for foothill 
streams could be published as Part A of a two-part summary report. The research 
study of flood-information transfer techniques for foothill basins could be 
published as Part B. Preparation of both parts will be started during 1979, with 
anticipated publication during 1981.

Data Reports.  Streamflow and rainfall data could be compiled and released at 
3~ to 5~year intervals.

PROJECT BUDGET

The project budget for fiscal years 1978-79 and the proposed budget for 
subsequent years covering research and the data-collection network is itemized 
be1ow.

Fiscal year Research Data network Total

1978
1979
1980
1981
1982
1983

Subsequent

$ 80,400
57,000

Moo, ooo
60,000

$ 11,100
19,000

260,000
2 100,000
2 160,000
120,000
120,000

$ 91,500
76,000
160,000
160,000
160,000
120,000
120,000

Projected funds based on assumed feasibility of geomorphic and botanic 
research.

2 Projected funds based on establishment of the Streamflow and rain-gage net 
work during 1980-82.



ACTIVE AND POTENTIAL COOPERATING AGENCIES

The following are local, State, and Federal agencies 
supporting the project through funding or have expressed 
project.

Active agencies:

Colorado Water Conservation Board
Urban Drainage and Flood Control District - Denver Region
U.S. Bureau of Reclamation - Upper Colorado Region
U.S. Army, Corps of Engineers - Albuquerque District
U.S. Army, Corps of Engineers - Omaha District
U.S. Army, Corps of Engineers - Sacramento District
U.S. Soil Conservation Service

Potential agencies:

Colorado Department of Highways
Boulder County
El Paso County
Jefferson County
Larimer County
Pueblo County
U.S. Bureau of Reclamation - Engineering and Research Center
U.S. Bureau of Reclamation - Lower Missouri Region
U.S. Forest Service

who are actively 
an interest in the
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